Influence of the Liquid on Femtosecond Laser Ablation of Iron  by Kanitz, A. et al.
  Physics Procedia  83 ( 2016 )  114 – 122 
Available online at www.sciencedirect.com
1875-3892 © 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).











WKH DEODWLRQ RI PDWHULDO E\ D ODVHU EHDP LV XVHG WR JHQHUDWH D PHWDO YDSRU ZLWKLQ WKH OLTXLG LQ RUGHU WR REWDLQ
QDQRSDUWLFOHV IURP LWV UHFRQGHQVDWLRQ SURFHVV ,W LV ZHOO NQRZQ WKDW WKH OLTXLG VLJQLILFDQWO\ DOWHUV WKH DEODWLRQ
SURSHUWLHVRIWKHVXEVWUDWHLQRXUFDVHLURQ)RUH[DPSOHWKHDEODWLRQUDWHDQGFUDWHUPRUSKRORJ\GLIIHUGHSHQGLQJ









7KUHH SDUDPHWHUV \LHOG LQIRUPDWLRQ RQ WKH DEODWLRQ SURFHVV )LUVW WKH DEODWLRQ UDWH LV D GLUHFWPHDVXUH IRU WKH
HIILFLHQF\RI WKHPDWHULDO UHPRYDOSURFHVV6HFRQG WKHPDFURDQGPLFURVWUXFWXUHJLYH LQGLFDWLRQVRQ WKHPHOWLQJ
DQGVSDOODWLRQSURFHVVWKURXJKWKHUHVROLGLILFDWLRQRIWKHPROWHQPDWHULDOYDSRU6KHQHWDO,QDGGLWLRQWKH
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PDWHULDORI WKHDEODWLRQSURFHVVZLWK WKHVXUURXQGLQJHQYLURQPHQW WKHVXUIDFHFDQEHFKHPLFDOO\PRGLILHG7KXV
WKLVVXUIDFHPRGLILFDWLRQ\LHOGVLQIRUPDWLRQRQWKHFKHPLVWU\DQGLWQHHGVWREHFRQVLGHUHGIRUDQ\DEODWLRQSURFHVV
VLQFHLWFDQDOWHUWKHVXEVWUDWH¶VFRPSRVLWLRQXQGWKXVLWVSURSHUWLHV6FKDDI'HSHQGLQJRQWKHDSSOLFDWLRQ
XOWUDVKRUW SXOVHG ODVHU DEODWLRQ LQ OLTXLGV 3/$/ FDQSURYLGHEHQHILWV IRU DOO RI WKRVH IDFWRUV 0XKDPPDG HW DO






7KLV LQYHVWLJDWLRQPD\ VHUYH WR XQGHUVWDQG WKH FRQWUROODELOLW\ RI LURQEDVHGQDQRSDUWLFOH JHQHUDWLRQ LQ OLTXLGV E\
ODVHUSDUDPHWHUVDVZHOODVVXUIDFHSURFHVVLQJRILURQEDVHGPDWHULDOVLQGLIIHUHQWOLTXLGV
$FFRUGLQJO\WR1ROWHHWDODQG1HXHQVFKZDQGHUHWDOWKHDEODWLRQUDWHDQGTXDOLW\RIWKHDEODWLRQ
SURFHVV LV GHSHQGHQW RQ WKH DSSOLHG IOXHQFH 7ZR IOXHQFHV UHJLPHV H[LVW ZKLFK DUH GHWHUPLQHG E\ D GLIIHUHQW
FKDUDFWHULVWLFDEODWLRQGHSWK2QWKHRQHKDQGWKHDEODWLRQGHSWKRIWKHILUVWUHJLPHDWORZIOXHQFHVLVGHWHUPLQHGE\
WKHRSWLFDOSHQHWUDWLRQGHSWK8VXDOO\WKHDSSOLHGIOXHQFHVIRUWKLVUHJLPHDUHEHORZ-FPð2QWKHRWKHUKDQGWKH
DEODWLRQ GHSWK LQ WKH VHFRQG UHJLPH LV GHWHUPLQHG E\ WKH WKHUPDO SHQHWUDWLRQ GHSWK FDXVHG E\ HOHFWURQ KHDW
FRQGXFWLRQ,QDGGLWLRQWKHVHFRQGDEODWLRQUHJLPHOHDGVWRDQLQFUHDVHRILQWHUQDOSUHVVXUHZLWKLQWKHPDWHULDODQG
KLJKHUDEODWLRQUDWHV=KLJLOHLHWDO1HGLDONRYHWDO7KHWKUHVKROGIRUWKLVUHJLPHLVXVXDOO\DERYH





  DQG  DQG FRQWUROOHG E\ FKDQJLQJ WKH VFDQQLQJ UDWH 8VXDOO\ RYHUODSSLQJ IRU 3/$/ VKRXOG EH
DYRLGHGGXHWRFDYLWDWLRQEXEEOHVZKLFKPD\UHIOHFWWKHLQFRPLQJODVHUEHDPDQGUHGXFHWKHDEODWLRQUDWH:DJQHU
HW DO  +RZHYHU WKH XVHG ODVHU V\VWHP SRVVHVVHV D UHSHWLWLRQ UDWH RI  .+] ZLWK D WHPSRUDO LQWHUSXOVH
GLVWDQFHRIV:LWKLQWKLVLQWHUSXOVHGHOD\WKHFDYLWDWLRQEXEEOHVKRXOGEHPRVWO\GLVDSSHDUHGGH%RQLVHWDO
:DJQHUHWDO6LQFHWKHFDYLWDWLRQEXEEOHG\QDPLFVZHUHQRWPHDVXUHGDSRVVLEOHLQIOXHQFHRIWKH
FDYLWDWLRQEXEEOHFDQQRWEHUXOHGRXWFRPSOHWHO\'H%RQLVHWDOVWDWHG WKDWDFDYLWDWLRQEXEEOHIRU LURQ LQZDWHU

















$JURRYHZLWKD OHQJWKRIPPZDVFXW LQWR WKH VXEVWUDWHZLWKD WRWDOQXPEHURIN VKRWV VR WKDW WKH VDPH
DPRXQWRIHQHUJ\ZDVGHSRVLWHGRQWRWKHVXEVWUDWH7RUHDFKWKHQXPEHURINVKRWVWKHJURRYHVZHUHSURFHVVHG






'XH WKH XQNQRZQ SHQHWUDWLRQ GHSWK RI WKH HOHFWURQ EHDP LQWR WKH PDWHULDO WKHVH PDSSLQJV RQO\ FRQVLVW LQ
TXDOLWDWLYHPHDVXUHPHQWV
5HVXOWV













EH QRWHG WKDW WKH DEODWLRQ UDWH LQ WROXHQH LV ELJJHU DW  -FPð WKDQ DW  -FPð ZKLFK LV FRQWUDU\ WR DOO RWKHU
LQYHVWLJDWHGOLTXLGVZKHUHWKHDEODWLRQUDWHDW-FPðLVVPDOOHUWKDQDW-FPð
2Q WKH RQH KDQG WKH GLIIHUHQW DEODWLRQ UDWHV EHWZHHQ WKH OLTXLGV FDQQRW EH H[SODLQHG E\ FRQYHQWLRQDO OLTXLG
SURSHUWLHVOLNHYLVFRVLW\GHQVLW\RUVXUIDFHWHQVLRQHWF2QWKHRWKHUKDQGWKHGLIIHUHQWDEODWLRQUDWHEHKDYLRUZLWK
LQFUHDVLQJ25PLJKWEHH[SODLQHGE\WZRIDFWRUVSDUWLFOHVKLHOGLQJVORZGHFUHDVHDQGFDYLWDWLRQEXEEOHGHFUHDVH
VWURQJ VKLHOGLQJGXH WR EHDPGHIOHFWLRQ+RZHYHU D SURRIE\XOWUDIDVW VSHFWURVFRSLF WHFKQLTXHV LV UHTXLUHG IRU
FRQILUPDWLRQ
7R VXP XS WKH DEODWLRQ UDWHV DUH VWURQJO\ DIIHFWHG E\ IOXHQFH DQG 25 (VSHFLDOO\ WKH DEODWLRQ EHKDYLRU DW
GLIIHUHQW25LVIOXHQFHGHSHQGHQW'XHWRWKHGLIIHUHQWGHSHQGHQF\RIWKHDEODWLRQUDWHRQWKH25LWLVOLNHO\WKDW
WKHDEODWLRQ UDWH LVFKDQJHGE\PXOWLSOHPHFKDQLVPVSUREDEO\DQ LQWHUDFWLRQZLWK WKHFDYLWDWLRQEXEEOHSDUWLFOH
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VKLHOGLQJDQGDKRWOLTXLGHQYLURQPHQW7RILQGRXWPRUHDERXWWKHDEODWLRQSURFHVVDPRUHGHWDLOHGLQYHVWLJDWLRQRQ
WKHVXUIDFHFKHPLVWU\DQGDEODWLRQPRUSKRORJ\LVSURYLGHGZLWKLQWKHQH[WFKDSWHUV
3.2. Properties of ablation in Water 

)LJ3URSHUWLHVRIWKHDEODWHGJURRYHVLQZDWHUDWD-FPðE-FPð
)LJ  VKRZV WKH GLIIHUHQW SURSHUWLHV RI WKH DEODWHG JURRYHV LQ ZDWHU ZKLFK DUH LQGLFDWHG E\ D ZKLWHOLJKW










7KHVH KROHV \LHOG D KLJKHU FRQWUDVW IRU FDUERQ LQFOXVLRQV DQG PD\ DSSHDU GXH WR LQFOXVLRQ RI LPSXULWLHV DW WKH




JRRG TXDOLW\ H[FHSW RI WKH LPSXULW\ KROHV DW 25$W 25 WKHUHPLJKW EH D VOLJKW LQFUHDVH LQ R[\JHQ
FRQWUDVWLQWKH(';LPDJH7KHPLFURVWUXFWXUHDJDLQEHFRPHVVPDOOHUDQGUHVHPEOHVDPHOWHGVXUIDFHDWKLJK25
7KLV W\SHRI VXUIDFH VWUXFWXUHPRUH RYHUO\ UHVHPEOHV WRPROWHQYDSRU GH%RQLV 1RWH DOVR WKDW WKH KHDW
DIIHFWHG ]RQHZKLFK LV LQGLFDWHG E\ WKH FKDQJH LQ FRQWUDVW DW WKH 6(0SLFWXUH LV ELJJHU IRU WKH DEODWLRQ DW KLJK
IOXHQFHV
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3.3. Properties of ablation in Methanol 
&RPSDUHG WRZDWHU WKHVKDSHRI WKHJURRYHV LQPHWKDQRO LVPRUHKRPRJHQRXVDW-FPð ,QFRQWUDVW WR WKH
(';LPDJHVRIWKHJURRYHVSURGXFHGLQZDWHUDFKHPLFDOFKDQJHRIWKHVXUIDFHFRPSRVLWLRQLVYLVLEOHLQWKHJURRYH
UHJLRQDV DGHSOHWLRQRIR[\JHQ LQ WKHDEODWHGDUHD)XUWKHUPRUH WKHPLFURVWUXFWXUHSRVVHVVHVD VLPLODU VWUXFWXUH
WKDQLQZDWHUDW-FPðDQG25DQGLVDOVRGHFUHDVLQJZLWKLQFUHDVLQJVSRWRYHUODSEXWNHHSVWKHVDPHIRUP
)RU -FPð WKHJURRYHVDUHRQO\ZHOOYLVLEOHDW25PHDQZKLOHDWKLJKHU25 WKHDEODWHGDUHD UHVHPEOHV
PRUHDKHDWDIIHFWHG]RQHZKLFKKDVWKHELJJHVWVL]HDW25,QFRQWUDVWWRWKHFKDQJHRIVXUIDFHFRPSRVLWLRQDW
-FPðQRFKDQJHRIWKHFKHPLFDOFRPSRVLWLRQLVREVHUYHGLQWKH(';FRQWUDVWLPDJHDW-FPð7KHREVHUYHG
FKDQJH LQ VXUIDFH FRPSRVLWLRQ IRU GLIIHUHQW IOXHQFHV LV DQ LQGLFDWLRQ IRU D IOXHQFH GHSHQGHQW FKHPLFDO UHDFWLRQ






3.4. Properties of ablation in Ethanol 
7KHJHQHUDOIHDWXUHVOLNHWKHVKDSHDQGVL]HRIWKHDEODWHGJURRYHDQGWKHUHVXOWLQJPLFURVWUXFWXUHLQHWKDQRODW
-FPðFRUUHVSRQGWRWKHREVHUYDWLRQVRIWKHIHDWXUHVLQPHWKDQROFRPSDUH)LJDQG+RZHYHULWVKRXOGEH
QRWHG WKDW WKH VSRW VL]H LV FKDQJLQJ WRZDUGV D ELJJHU VSRW VL]H DW D KLJKHU25 )XUWKHUPRUH D VOLJKW FKDQJH LQ
FRQWUDVWLVDOVRREVHUYHGIRUWKHFDUERQFRQWHQWIURPEHLQJGHFUHDVHDW25WREHLQJLQFUHDVHGDW25










3.5. Properties of ablation in Acetone 
)LJVKRZVWKDWWKHDEODWLRQDW-FPðLQDFHWRQHLVEDUHO\YLVLEOH,QFRQWUDVWWRWKHDEODWLRQLQHWKDQROWKH
R[\JHQGHSOHWLRQLQFUHDVHLVOHVVSURQRXQFHGDQGGHFUHDVLQJZLWKLQFUHDVLQJ257KHFDUERQFRQFHQWUDWLRQDW
-FPð LV VOLJKWO\ LQFUHDVHG DQG H[KLELWV WKH VWURQJHVW FRQWUDVW DW 257KHPLFURVWUXFWXUH LV YHU\ VPDOO DQG
UHVHPEOHVVLPLODUWRWKHJURRYHVDEODWHGDWKLJKHUIOXHQFHVLQHWKDQRODUHVROLGLIDFWLRQRIDPROWHQVXUIDFH
)RU-FPðWKHDEODWLRQUDWHLVVWURQJO\LQFUHDVHGDQGZHOOYLVLEOHLQWKH6(0SLFWXUHIRUDQ25RIEXWIRUD
IXUWKHU LQFUHDVHG25QHDUO\ QR DEODWLRQ LV IRXQG )XUWKHU LW VHHPV WKDW WKH R[\JHQ DQG FDUERQ FRQFHQWUDWLRQ DUH
VOLJKWO\GHFUHDVHGLQ WKHDEODWHGDUHDEXW WKLVPLJKWDOVREHDQHUURURIWKH(';GHWHFWRUGXHWR WKHGHSWKRI WKH
FUDWHUDQGUHDEVRUSWLRQRIWKH[UD\VDWWKHJURRYHZDOO+RZHYHUDWKLJKHU25DQLQFUHDVHLQFDUERQFRQFHQWUDWLRQ
LVGHWHFWHG7KHPLFURVWUXFWXUHLVYHU\SURQRXQFHGIRU25EXWEDUHO\YLVLEOHIRUKLJKHU25)RU25LW
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
)LJ3URSHUWLHVRIWKHDEODWHGJURRYHVLQDFHWRQHDWD-FPðE-FPð
3.6. Properties of ablation in Toluene 

)LJ3URSHUWLHVRIWKHDEODWHGJURRYHVLQWROXHQHDWD-FPðE-FPð
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PHDQZKLOH WKH R[\JHQ FRQWHQW LV YLVLEO\ GHFUHDVHG $W KLJKHU 25 WKH R[\JHQ GHSOHWLRQ YDQLVKHV 7KH
PLFURVWUXFWXUHLVVLPLODUWRWKHPLFURVWUXFWXUHDWKLJK25IRUDFHWRQH
'LVFXVVLRQ
$VVKRZQE\ WKLV LQYHVWLJDWLRQ3/$/LVDFRPSOH[ WRSLF LQYROYLQJVHYHUDO LQWHUDFWLRQVRI WKH WDUJHWPDWHULDO
OLTXLG DQG ODVHU EHDP DV FDQ EH VHHQ E\ WKH GLIIHUHQW GHSHQGHQFLHV RI WKH DEODWLRQ UDWH ZLWK 25 DV ZHOO DV




3URSHUW\ :DWHU 0HWKDQRO (WKDQRO $FHWRQH 7ROXHQH
$EODWLRQPRUSKRORJ\ 1RW
KRPRJHQHRXV



















3URSHUW\ :DWHU 0HWKDQRO (WKDQRO $FHWRQH 7ROXHQH


















)RU-FPð WKHPDVVUHPRYDO LVDOZD\VKRPRJHQRXV,QDGGLWLRQFKHPLFDOFKDQJHVRI WKHVXUIDFHVDUHQRWDV
SURQRXQFHGDVIRU-FPð&RQVHTXHQWO\WKHOLTXLGVXEVWUDWHLQWHUIDFHSOD\VDFUXFLDOUROH
7KH KHUH GHVFULEHG IHDWXUHV DUH D UHVXOW RI WKH FRPSOH[ LQWHUDFWLRQ RI DEODWLRQ OLTXLG DQG ODVHU EHDP 7KLV


















)XUWKHUPRUH WKH OLTXLGV DUH VWURQJO\ DOWHULQJ WKH VXUIDFH FRPSRVLWLRQ ZKLFK LV DQ LPSRUWDQW SRLQW IRU ODVHU
SURFHVVLQJLQOLTXLGV2QWKHRQHKDQGWKLVPD\OHDGWRXQZDQWHGHIIHFWVOLNHDFKDQJHRIWKHVXEVWUDWHVSURSHUWLHV
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